The adsorption of uranium by chitin phosphate and chitosan phosphate was investigated to obtain information on uranium recovery from aqueous systems, especially sea water and uranium mine waste water. The adsorption of uranium by chitin phosphate and chitosan phosphate was much greater than copper, cadmium, manganese, zinc, cobalt, nickel, magnesium and calcium. The adsorption of uranium was very rapid during the first lOmin and was affected by pH of the solution, temperature, granule radius and the co-existence of carbonate ion. The amounts of uranium adsorbed on the adsorbents increased linearly as the external uranium concentration increased. Uranium adsorbed on chitin phosphate easily desorbed with diluted sodium carbonate solution. On the other hand, uranyl and cobalt ions were separated from each other by using chitin phosphate.
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The recovery of uranium from aqueous systems, especially from sea water and uranium mine waste water, merits attention because a severe shortage of uranium is expected by the end of the century. We have hitherto investigated the accumulation of heavy metal elements for the recovery or removal from aqueous systems using various microorganisms and biological substances.1~14) Previous papers from this laboratory7'8) have shown that phosphorylated derivatives of chitin and chitosan can accumulate large amounts of heavy metals such as copper, cadmium and cobalt from aqueous systems.
The development of the excellent adsorbent for uranium using chitin, a most abundant organic resource, and its derivatives is of special significance. The present investigation was undertaken to obtain fundamental information on the recovery of uranium from aqueous systems using chitin phosphate and chitosan phosphate. 
MATERIALS AND METHODS
Phosphorylation of chitin and chitosan. Chitin phosphate was synthesized as follows: Ten grams of powdered chitin, 100g ofurea, and 5 g of 100% orthophosphoric acid were added into 100ml of dimethylformamide. The mixture was reacted at 150°C for 1 hr. After cooling, the reaction mixture was filtered. The precipitate was washed thoroughly with deionized water and freeze-dried. The yield of chitin phosphate was 6.5 g and its phosphorous content was 2.48%. On the other hand, chitosan phosphate was prepared as follows: Twenty grams of chitosan, 100g of urea, and 20g of 100% orthophosphoric acid were added into 200ml of dimethylformamide. The mixture was reacted in the same conditions as described above. Desorption of uranium adsorbed on chitin phosphate. After 10~5 mol of uranium had been adsorbed on 30mg of chitin phosphate, the column (6 x 7mm) was washed thoroughly with deionized water and then desorbed with linear gradient of sodium carbonate solution from 0 to 2 m at a flow rate of2 ml/min. Fractions of5 ml were collected and determined uranium by spectrophotometry.
Chromatographic separation between uranyl and cobalt ions by chitin phosphate.
The solution containing uranyl and cobalt ions (each ion, 2x 10"5 mol) was adsorbed on a column (10 x 168 mm) of chitin phosphate.
The column was washed well with deionized water and then eluted with 0.5 and 6n hydrochloric acid. The eluents were collected and determined cobalt and uranium. It is apparent from Fig. 1 that the amounts of uranium adsorbed by both chitin phosphate and chitosan phosphate during lOmin were maximum at pH 5, whereas above and below pH 5, there was rapid decrease in uranium adsorption.
As described above, it was recognized that the amount of uranium adsorbed on both chitin phosphate and chitosan phosphate differs markedly with the pH value o f the solution.
In the temperature range from 20 to 80°C, In order to obtain basic information on the recovery of uranium from sea water by chitin phosphate, the effect of carbonate ion on the adsorption of uranium was examined. It is considered that uranium in sea water exists mainly as the complex ions, UO2(CO3)2~or
It is apparent from Fig. 4 that the amounts of uranium adsorbed by both chitin phosphate and chitosan phosphate were little affected by sodium hydrogencarbonate in the concentration range from 0 to 0.3mM. However, the high presence of carbonate ions in the uranium solution had the tendency to retard uranium adsorption.
From the uranium solution co-existing 2.34mM of sodium hy- and other metal, cobalt using chitin phosphate was examined. After 2 x 10~5 mol of uranium and cobalt had been adsorbed on chitin phosphate, these ions were eluted with 0.5 n and 6n HC1. It is observed from Fig. 6 
